Abstract Many species of Penicillium have exhibited great potential for lignocellulose hydrolysis. The filamentous fungus Talaromyces piceus 9-3 (anamorph: Penicillium piceum), which was isolated from compost wastes in China, was sequenced in this study. Compared with the cellulase producer T. reesei, T. piceus 9-3 processes a lignocellulolytic enzyme system comprising more diverse enzymatic components, especially hemicellulases. This report will facilitate the use of this strain for biomass degradation.
Introduction
Numerous attempts have been made to develop renewable energy sources as alternatives to fossil fuels (Wilson 2009 ). Currently, the biorefinement of lignocellulosic biomass is mainly limited by the high costs of lignocellulolytic enzymes for lignocellulosic degradation (Sheldon 2014) . Trichoderma reesei, which is well known for its high capacity of cellulase production, has become the major cellulase producer in industry (Peterson and Nevalainen 2012) . However, extra lignocellulolytic enzymes such as bglucosidase should be supplemented in large-scale lignocellulosic degradation (Van Dyk and Pletschke 2012) . Accordingly, various fungal species belonging to the genus Penicillium have been considered as alternatives to T. reesei (Wilson 2009 ) due to their more balanced enzyme compositions with high b-glucosidase activity.
T. piceus 9-3 (anamorph: Penicillium piceum, P. piceum is used hereafter for better understanding) was initially isolated from compost wastes in China. Compared with T. reesei, P. piceum exhibited a more balanced enzyme composition with higher b-glucosidase activity (He et al. 2015) . Furthermore, the b-glucosidase produced by P. piceum and cellulase from T. reesei yield a highly efficient synergistic effect during the hydrolyzation of different substrates (He et al. 2015) . Therefore, P. piceum 9-3 could be a potential workhorse in the large-scale production of efficient cellulosic biomass degradation systems.
Materials and methods

Strains and cultivation conditions
The strain Penicillium piceum 9-3 has been preserved in the China General Microbiological Culture Collection Center (CGMCC5314). To induce sporulation, the strain was inoculated on potato dextrose agar (PDA, 200 g/l potato, 10 g/l dextrose, 15 g/l agar, natural pH) and cultivated at 30°C for 7 days. For genomic DNA isolation, 1 ml spore suspension (10 6 spore/ml) of P. piceum 9-3 was inoculated into a 250-ml flask containing 30 ml of liquid minimal medium [MM, 5 g/l (NH 4 Genome Sequencing, assembly, scaffolding and gene prediction For genomic DNA isolation, the strains were grown in liquid minimal medium for 48 h at 30°C on a rotating shaker (180 rpm). The mycelia were collected by filtration and washed two or three times, and frozen in liquid nitrogen. Subsequently, genomic DNA was extracted using a genomic DNA isolation kit (Tiangen, China) according to the manufacturer's instructions. Two insert libraries (a 300 bp pairedend and a 3 kb mate-pair) were prepared from the genomic DNA of P. piceum 9-3 using standard Illumina protocols and were sequenced on the Illumina Hiseq 2500 system (Illumina, Inc., San Diego, CA, USA). FASTX-Toolkit (http:// hannonlab.cshl.edu/fastx_toolkit/) was used to get rid of low-quality reads (-q 20 -p 90). After quality filtering, 79 million shotgun reads remained, with an estimated sequencing depth of 2609. The remaining shotgun reads were assembled by SOAPdenovo (Li et al. 2008) . Then, contigs obtained from SOAPdenovo were used to produce scaffolds with the software of SSPACE software (http:// www.baseclear.com/genomics/bioinformatics/basetools/ SSPACE) and the use of the distance information of matepair data. Next, GapFiller (Boetzer and Pirovano 2012) was used to close gaps in the pre-assembled scaffolds.
AUGUSTUS (Stank and Morgenstern 2005) and GlimmerHMM (Majoros et al. 2004) were used for ab initio gene prediction of the P. piceum 9-3 nuclear genome. All predicted protein-coding genes were characterized by doing BLAST searches against the Swiss-Prot database (http://www.uniprot.org/). Gene Ontology (GO; http:// geneontology.org/) and Kyoto Encyclopedia of Genes and Genomes (KEG; http://www.genome.jp/kegg/) databases. tRNAs and rRNAs were identified using the Find tRNA program (http://www.bioinformatics.org/findtrna/) and RNAmmer programs (Lagesen et al. 2007 ), respectively. The P. piceum 9-3 mitochondrial genome was characterized by the MITOS Web Server (http://mitos.bioinf.unileipzig.de/index.py).
Accession numbers
The raw sequencing data were deposited in the NCBI Sequence Read Archive under the BioProject number PRJNA251507. The assembled scaffolds were deposited in the NCBI Whole Genome Shotgun database under the accession number of JNNX00000000. The accession numbers of endoglucanase, cellobiohydrolase, b-glucosidase, feruloyl esterase, cellobiose dehydrogenase and auxiliary activity 9 (AA9) enzyme are listed in Table S1 .
Results and discussion
In the present study, we obtained 12 scaffolds with a total length of 26.59 Mbp (Table 1) . Telomere repeats (mainly 5 0 -TAACCC/TTAGGG-3 0 ) were recognizable at the ends of the 11 large scaffolds, suggesting that the P. piceum 9-3 nuclear genome may comprise 11 chromosomes. The remaining smaller circular scaffold had a length of 41 kb, and BLASTn searches against the NCBI-nr database indicated that this scaffold should be the mitochondrial genome of P. piceum 9-3. A gene prediction analysis of the P. piceum 9-3 nuclear genome revealed 6950 protein-coding genes, 11 tRNA genes and 23 rRNA genes ( Table 1 ). The GO assignments for the nuclear protein-coding genes are shown in Fig. 1a . Additionally, the P. piceum 9-3 mitochondrial genome was predicted to contain 8 protein-coding genes and 27 tRNA genes (Table 1) .
Natural lignocellulosic biomass consists primarily of polysaccharides, cellulose, hemicelluloses, and lignin (Jordan et al. 2012 ). Due to its complexity in components and structure, the efficient conversion of lignocellulosic biomass requires the synergistic action of at least three classes of enzymes: endoglucanases (E.C. 3.2.1.4), exoglucanases/cellobiohydrolases (E.C. 3.2.1.91), and bglucosidases/cellobiases (E.C. 3.2.1.21). A comparative analysis of the P. piceum 9-3 genome with those of the closely related fungal species P. chrysogenum, T. reesei, Aspergillus niger, and A. oryzae predicted that the involvement of 42 proteins in P. piceum 9-3 as enzymes in plant cell wall degradation (Fig. 1b) (Machida et al. 2005; Pel et al. 2007; Martinez et al. 2008; van den Berg et al. 2008) . Two cellobiohydrolase genes, one endo-b-1,4-glucanase gene and ten b-glucosidase genes were predicted in the P. piceum 9-3 genome (Fig. 1b) . Notably, P. piceum 9-3 was found to contain the same numbers of cellobiohydrolases and b-glucosidases as the most well-studied lignocellulolytic enzyme producer, T. reesei (Wilson 2009 ). For b-glucosidase which is essential for lignocellulosic biomass hydrolysis, ten genes were predicted in P. piceum 9-3. Two of the ten b-glucosidases belonged to GH family 1 and the remaining eight b-glucosidases belonged to GH family 3. In addition, P. piceum 9-3 contained a considerably smaller number of endo-b-1,4-glucanase than T. reesei. It is well known that enzymes in auxiliary activity 9 (AA9, formerly GH family 61) from filamentous fungi are able to boost the activity of classical GH enzymes in cellulose deconstruction (Pierce et al. 2017 ). In P. piceum 9-3, one enzyme belonged to AA9 was predicted, compared with three AA9 enzymes identified in T. reesei.
Hemicelluloses are the second most abundant components in the lignocellulosic biomass materials (Saha 2003) . Generally, cellulase is coupled with hemicellulase in a separate hydrolysis process to degrade cellulose and hemicelluloses into hexoses and pentoses, respectively (Hemsworth et al. 2015) . In this study, 29 genes associated with degradation of hemicellulose were predicted in the P. piceum 9-3 genome (Fig. 1b) . Notably, analysis of the P. piceum 9-3 genome also revealed that two types of plant cell wall-degrading enzymes were not assigned in CAZy database (http://www.cazy.org), including four feruloyl esterases (EC 3.1.1.73) and one cellobiose dehydrogenase (EC 1.1.99.18), were found in P. piceum 9-3, whereas they were not present in T. reesei (Table S2 ). Both types of plant cell wall-degrading enzymes play important roles in the hydrolysis of the lignocellulosic biomass. Feruloyl esterases act cooperatively with xylanases to hydrolyze esterlinked ferulic acid and diferulic acid from cell wall material and therefore play a major role in plant biomass degradation (Topakas et al. 2007 ). Recent works have identified the oxidative enzymes involved in degradation (Eastwood et al. 2011; Chen et al. 2016) . Cellobiose dehydrogenase is the major oxidoreductase secreted during growth on cellulose and catalyzes the oxidation of the cellobiose of plant biomass (Phillips et al. 2011 ). Therefore, the results demonstrate that the enzyme system contained within P. piceum 9-3 might more efficiently degrade lignocellulosic biomass. Number of tRNA genes 27
Number of rRNA genes 2 
Conclusion
Herein, we have reported the draft genome of P. piceum 9-3. Preliminary comparative genomic analysis of the cellulase and hemicellulases genes harbored by P. piceum 9-3 and T. reesei revealed that P. piceum has a lignocellulolytic enzyme system comprising more diverse enzyme components, especially hemicellulases. The availability of this draft genome sequence P. piceum 9-3 may provide insights into the genomic basis of lignocellulosic biomass degradation mechanisms.
